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Re:  Comment on the February 8, 2000 Draft Guidance Entitled, “Reprocessing and
Reuse of Single Use Devices: Review Prioritization Scheme” (the RPS
Guidance); Docket No. 00D-0053

Dear Sir or Madam:

Mallinckrodt Inc. (Mallinckrodt) respectfully submits the following comments in
response to the Food and Drug Administration’s (FDA’s) Draft Guidance entitled, “Reprocessing
and Reuse of Single Use Devices: Review Prioritization Scheme” (the RPS Guidance).!
Mallinckrodt is a global health care company whose product lines include single use medical
devices. Mallinckrodt is also a member of the Association of Disposable Device Manufacturers
(ADDM) and agrees with ADDM’s comments on the Review Prioritization Scheme (RPS). On
pages 2-3 of the RPS Guidance, FDA acknowledged that the list in Appendix 2 of frequently
reprocessed single use devices and their risk categorizations may be incomplete, and the Agency
solicited comments on the list. Accordingly, Mallinckrodt submits these comments relating to
Mallinckrodt’s products and their categorization by the RPS. As explained below, we believe
that FDA’s risk categorization for urethral catheters is incorrect and should be revised. We also
request that risk categorizations for two additional frequently reprocessed single use devices —
tracheostomy inner cannulas and tracheal tube stylets — be added to Appendix 2.

I Urethral Catheters (21 C.F.R. § 876.5130)

- Mallinckrodt manufactures a specialized urethral catheter, known as a Foley catheter.
The Foley catheter is a narrow flexible balloon retention type catheter inserted through the
urethra and used to pass fluids from the urinary tract. Some models of the

! 65 Fed. Reg. 7027 (Feb. 11, 2000).
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Foley catheter are enhanced with a temperature probe for measuring core body
temperature. Mallinckrodt disagrees with FDA’s conclusion in the RPS that reprocessed
disposable urethral catheters are moderate risk devices. Under the analysis below they are high
risk devices.

A. Infection Risk
1. Is the single use Foley catheter a non-critical device?

No. Mallinckrodt’s Foley catheters are not non-critical devices.
According to the Spaulding criteria as defined by the RPS, a non-critical
device is one that “is intended to make topical contact and not penetrate
intact skin.”® The Foley catheter is introduced into the patient through the

- urethra and is, therefore, a semi-critical device intended to contact intact
mucous membranes.

2. Does postmarket information suggest that using the reprocessed
single use Foley catheter may present an increased risk of infection
when compared to the use of a single use Foley catheter that has
not been reprocessed?

No. Mallinckrodt is not aware of any postmarket information regarding
risk of infection for reprocessed Foley catheters.

3. Does the single use Foley catheter include features that could
impede thorough cleaning and adequate sterilization/disinfection?

Yes. The Foley catheter is comprised of medical grade silicone or latex
tubing containing two long narrow lumens, one for transport of fluids from
the bladder and the other for the passage of air to inflate and deflate the
balloon component in the bladder. The role of the balloon is to ensure
catheter retention within the bladder. The long narrow lumens cannot be
adequately cleaned. Urinary catheters are prone to deposit build-up. Such
deposits are very difficult to remove from the internal surface of the
catheter. In addition, the insufflation lumen contains a spring-loaded
valve on the proximal end. The valve mechanism creates many crevices
and difficult-to-reach areas where contaminants may accumulate. Because
these devices were not designed to be reprocessed, there is no way to
properly access these areas for cleaning. Finally, the valve itself is made

2 RPS Guidance at 5.
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from heat-sensitive plastic not designed for exposure to harsh cleaning
chemicals or high temperature and humidity sterilization. The potential
for infection caused by these features is of special concern in light of the
high percentage of nosocomial infections that are urinary tract infections.’

Does a reusable device exist that has an equivalent design and the
same intended use as the single use Foley catheter?

No. Mallinckrodt is not aware of a reusable device that has an equivalent
design and the same intended use as the Foley catheter.

Are there recognized consensus performance standards,
performance tests recommended by the OEM, or a CDRH
guidance document that may be used to determine if the single use
Foley catheter has been adequately cleaned and
disinfected/sterilized?

No. Mallinckrodt is not aware of any recognized performance standards
or any CDRH guidance documents that may be used to determine if a
Foley catheter has been adequately cleaned and sterilized. Mallinckrodt
has not developed any performance tests that may be used to determine if
any Foley catheters can be adequately cleaned and sterilized for multiple
uses.

Is this a semi-critical device?
Yes. As discussed in the answer to question 1 above, these Foley catheters
come in contact with intact mucous membranes and are therefore semi-

critical devices.

Thus, application of FDA’s risk infection flowchart demonstrates that

Mallinckrodt’s Foley catheters present a moderate risk of infection after
reprocessing.

Inadequate Performance Risk

Does postmarket information suggest that using the reprocessed
single use Foley catheters may present an increased risk of injury

? Critical Care Nurse, 18(1):55-65 (Feb. 1998).
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when compared to the use of a single use Foley catheter that has
not been reprocessed?

No. Mallinckrodt is not aware of any postmarket information regarding
risk of injury from reprocessed Foley catheters.

Could failure of the device cause death, serious injury or
permanent impairment?

Yes. Failure of a Foley catheter could cause serious injury in several
different ways. Of greatest concern is the potential that the balloon will
fail to deflate within the bladder, thereby rendering standard removal
impossible. In such a situation, surgical intervention with its concomitant
risks would be required to remove the catheter. If the balloon fails to
deflate and the catheter is clogged by deposits, the patient will require an
emergency procedure to permit urine flow.

Does the single use Foley catheter contain any materials, coatings
or components that may be damaged or altered by a single use or
by reprocessing and/or resterilization in such a way that the
performance of the device may be adversely affected?

Yes. The Foley catheter contains materials, coatings, and/or components
that could be damaged or altered by reprocessing in such a way that the
performance of the devices may be adversely affected. The spring-loaded
valve discussed earlier is made of rigid plastic and is therefore bound to
the silicone catheter by mechanical means, held in place by pressure and
stress. Cleaning and sterilization may weaken this juncture allowing the
valve to become dislodged. While all of Mallinckrodt’s Foley catheters
are made of silicone, we are aware that Foley catheters made of latex may
undergo delamination and subsequent collapse of the inner lumen after
reprocessing. Finally, some Foley catheters are equipped with a
temperature sensor which may not be properly calibrated or functioning
after reprocessing. An inaccurate temperature reading could result in
administration of unnecessary intervention to the patient, or failure to
administer intervention when indicated.

Are there recognized consensus performance standards,
performance tests recommended by the OEM, or a CDRH
guidance document (which includes specifications, test protocols
and acceptance criteria) that may be used to determine if the
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performance of the single use Foley catheter has been altered due
to reprocessing and use?

No. Mallinckrodt is not aware of any recognized performance standards
or any CDRH guidance documents that may be used to determine if the
performance of the single use Foley catheter has been altered due to
reprocessing and use. While the American Society for Testing and
Materials has developed a standard performance specification for the
Foley catheter, the scope of that standard limits its applicability to short-
term utilization of single use catheters and therefore fails to consider reuse.
Mallinckrodt has not developed any performance tests that may be used to
determine if the performance of the single use Foley catheter has been
altered by reprocessing and subsequent use.

5. Can visual inspection determine if performance has been affected?

No, not in all cases. Visual inspection will not reveal whether the
performance of the temperature probe has been affected by reprocessing.

Thus, application of FDA’s risk of inadequate performance flowchart
demonstrates that Foley catheters with temperature probes present a high risk of
inadequate performance after reprocessing. Because a categorization of Foley
catheters would necessarily include those with temperature sensors, Foley
catheters should be categorized as high risk in Appendix 2 of the RPS Guidance.

II. Tracheostomy Inner Cannula (21 C.F.R. § 868.5800)

Mallinckrodt manufactures single use tracheostomy inner cannulas. Tracheostomy inner
cannulas are devices which line the inner lumen of tracheostomy tubes to allow easy removal of
lung secretion build-up without removal and reinsertion of the tracheostomy tube itself.
Although these devices were not considered by FDA under the RPS Guidance, Mallinckrodt has
determined that reprocessed tracheostomy inner cannulas are high risk devices.

A. Infection Risk

1. Are single use tracheostomy inner cannulas non-critical
devices?
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No. Mallinckrodt’s tracheostomy inner cannulas are not non-critical
devices. Tracheostomy inner cannulas are introduced into the patient
through a tracheostomy tube inserted into a stoma in the patient’s neck.
Therefore, the device is a semi-critical device because it is intended to
contact intact mucous membranes.

Does postmarket information suggest that using the reprocessed
single use tracheostomy inner cannulas may present an increased
risk of infection when compared to the use of single use
tracheostomy inner cannulas that have not been reprocessed?

No. Mallinckrodt is not aware of any postmarket information regarding

- risk of infection for reprocessed tracheostomy inner cannulas.

Do the single use tracheostomy inner cannulas include features that
could impede thorough cleaning and adequate
sterilization/disinfection?

Yes. The connector which secures the device to the tracheostomy tube has
interlocking parts that create crevices in which patient material and
cleaning residuals may accumulate. As recognized by the RPS Guidance,
interlocking parts are a feature that could impede cleaning.* In addition,
single use tracheostomy inner cannulas are thin-walled devices not
designed to withstand abrasive scrubbing and harsh cleaning chemicals,
nor withstand high temperature and pressure sterilization.

Does a reusable device exist that has an equivalent design and the
same intended use as the single use tracheostomy inner cannulas?

No. While reusable tracheostomy inner cannulas do exist, the designs of
Mallinckrodt’s single use cannulas are not equivalent to the designs of the
reusable devices. For example, reusable tracheostomy inner cannulas are
thicker walled, more robust devices than their disposable counterparts, and
are designed to withstand repeated scrubbing. Moreover, the design of the
connector on reusable devices is significantly different from that on
disposable devices. Reusable device connectors include a threaded design
which locks by twisting the inner cannulas into the tracheostomy tube.
This design is able to properly lock the device hundreds of times.

4

RPS Guidance at 6.
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Conversely, the disposable device connector is typically comprised of a
clip design involving two plastic tabs on the inner cannulas. This design is
susceptible to plastic fatigue after repeated use and can weaken and break.

5. Are there recognized consensus performance standards,
performance tests recommended by the OEM, or a CDRH
guidance document that may be used to determine if the single use
tracheostomy inner cannulas have been adequately cleaned and
disinfected/sterilized? i

No. Mallinckrodt is not aware of any recognized performance standards
or any CDRH guidance documents that may be used to

determine if the tracheostomy inner cannulas have been adequately
cleaned and sterilized for use in another patient. Mallinckrodt does
provide an information booklet to patients with instructions for cleaning
reusable inner cannulas. These instructions, however, are based on reuse
of the reusable device in the same patient. Mallinckrodt has not developed
any performance tests that may be used to determine if any single use or
reusable cannulas can be adequately cleaned and sterilized for multiple
patients.

6. Is this a semi-critical device?

Yes. As discussed in Section II.A.1 above, these tracheostomy inner
cannulas are semi-critical devices which come in contact with mucous
membranes.

Thus, application of FDA’s risk infection flowchart demonstrates that
Mallinckrodt’s tracheostomy inner cannulas present a moderate risk of infection
after reprocessing. Review of the second flowchart demonstrates that the risk of
inadequate performance of reprocessed tracheostomy inner cannulas is high.

Inadequate Performance Risk

1. Does postmarket information suggest that using the reprocessed
single use tracheostomy inner cannulas may present an increased
risk of injury when compared to the use of single use tracheostomy
inner cannulas that have not been reprocessed?
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No. Mallinckrodt is not aware of any postmarket information regarding
risk of injury for reprocessed tracheostomy inner cannulas.

Could failure of the device cause death, serious injury or
permanent impairment?

Yes. Failure of tracheostomy inner cannulas could cause serious injury.
Failure of the airway connector due to weakened reprocessed plastic could
occur at any time after the patient is initially ventilated. This type of
failure would result in the patient becoming disconnected from the
ventilator. If such failure occurs while the patient is unsupervised, the
patient will be unable to breath, resulting in oxygen deprivation and death.

Do the single use tracheostomy inner cannulas contain any
materials, coatings or components that may be damaged or altered
by a single use or by reprocessing and/or resterilization in such a
way that the performance of the device may be adversely affected?

Yes. The tracheostomy inner cannulas contains material, coatings, and/or
components that could be damaged or altered by reprocessing in such a
way that the performance of the devices may be adversely affected. As
discussed in Section II.A.4 above, the locking mechanism between the
tracheostomy tube and disposable inner cannulas is susceptible to fatigue
from reprocessing. In addition, the thin plastic of the cannulas is not
designed to withstand repeated scrubbing, harsh cleaning chemicals, or
high temperature and pressure sterilization.

Are there recognized consensus performance standards,
performance tests recommended by the OEM, or a CDRH
guidance document (which includes specifications, test protocols
and acceptance criteria) that may be used to determine if the
performance of the single use tracheostomy inner cannulas have
been altered due to reprocessing and use?

No. Mallinckrodt is not aware of any recognized performance standards
or any CDRH guidance documents that may be used to determine if the
performance of the single use tracheostomy inner cannulas have been
altered due to reprocessing and use. Mallinckrodt has not developed any
performance tests that may be used to determine if the performance of the
single use tracheostomy inner cannulas have been altered by reprocessing
and subsequent use.
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Can visual inspection determine if performance has been affected?

No. Visual inspection may not reveal whether the performance of the
tracheostomy inner cannulas have been affected by reprocessing. Visual
inspection would not reveal the weakened state of the airway connector
that could fail while in use.

Thus, application of FDA’s risk of inadequate performance flowchart

demonstrates that Mallinckrodt’s tracheostomy inner cannulas present a high risk
of inadequate performance after reprocessing. Accordingly, the device itself
should be categorized as high risk under FDA’s RPS.

III.  Tracheal Tube Stylet (21 C.F.R. § 868.5790)

Mallinckrodt manufactures single use tracheal tube stylets. The tracheal tube stylet is a
closed lumen polyvinyl chloride tube with an aluminum rod core. The exterior surface of the
device consists of a matte finish PVC with a thin layer of lubricant coating. The stylet is used to
temporarily make rigid a flexible tracheal tube for insertion into the patient. Once the tracheal
tube is inserted, the stylet is removed and the patient is ventilated. While tracheal tube stylets
were not categorized by FDA under the RPS Guidance, Mallinckrodt has applied the RPS to
these reprocessed devices and determined that they are high risk.

A. Infection Risk

L.

Is the single use tracheal tube stylet a non-critical device?

No. Mallinckrodt’s tracheal tube stylets are not non-critical devices. A
tracheal tube stylet is introduced into the patient’s esophagus through a
tracheal tube and is therefore a semi-critical device because it is intended
to contact intact mucous membranes.

Does postmarket information suggest that using the reprocessed
single use tracheal tube stylet may present an increased risk of
infection when compared to the use of a single use tracheal tube
stylet that has not been reprocessed?

No. Mallinckrodt is not aware of any postmarket information regarding
risk of infection for reprocessed tracheal tube stylet.

Does the single use tracheal tube stylet include features that could
impede thorough cleaning and adequate sterilization/disinfection?
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Yes. Disposable intubating stylets are not designed for reprocessing.
High temperature sterilization could superheat the aluminum core of the
device and thereby melt the PVC component.

Does a reusable device exist that has an equivalent design and the
same intended use as the single use tracheal tube stylet?

No. While reusable intubating stylets do exist, their design is substantially
different from that of disposable stylets. The reusable devices are
typically made from a more durable material such as silicone or urethane,
while the disposable device is made of PVC.

Are there recognized consensus performance standards,
performance tests recommended by the OEM, or a CDRH
guidance document that may be used to determine if the single use
tracheal tube stylet has been adequately cleaned and
disinfected/sterilized?

No. Mallinckrodt is not aware of any recognized performance standards
or any CDRH guidance documents that may be used to determine if the
tracheal tube stylet has been adequately cleaned and sterilized.
Mallinckrodt has not developed any performance tests that may be used to
determine if any single use tracheal tube stylets can be adequately cleaned
and sterilized for multiple uses.

Is this a semi-critical device?
Yes. As discussed in Section III.A.1 above, these tracheal tube stylets are
semi-critical devices because they come in contact with mucous

membranes.

Thus, application of FDA’s risk infection flowchart demonstrates that

Mallinckrodt’s tracheal tube stylets present a moderate risk of infection after
reprocessing. ‘

Inadequate Performance Risk

Does postmarket information suggest that using the reprocessed
single use tracheal tube stylet may present an
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increased risk of injury when compared to the use of a single use
tracheal tube stylet that has not been reprocessed?

Yes. In the attached paper from Anesthesia and Analgesia, Dr. Richard
Fishman reports a serious injury in a foot surgery patient due to use of a
reprocessed intubating stylet.” During a difficult intubation, a 10 cm piece
of a reused disposable 14 FR stylet broke off in the esophagus. The
broken stylet was not detected until several weeks later when the patient
had acute stomach pains. The broken stylet fragment had perforated the
duodenum.

While this response ends the flowchart with a high risk designation for
these devices, below are responses to the remaining questions
demonstrating that even without Dr. Fishman’s experience, these devices
are high risk.

Could failure of the device cause death, serious injury or
permanent impairment?

Yes. Failure of a tracheal tube stylet could cause serious injury in several
different ways. As noted by Dr. Fishman, reprocessing can lead to
embrittlement and fracture of the stylet and subsequent serious injury
caused by the sharp stylet traveling through the gastrointestinal tract.
Serious injury or death can also be caused by difficulty in removing the
stylet. Lack of lubrication and bends in the stylet caused by reprocessing
may cause the stylet to catch on the tracheal tube causing its dislodgment.
Due to airway swelling that typically occurs during intubation,
reintroduction of the tracheal tube may be difficult. Moreover, time is of
the essence in intubation since the patient is not breathing until the
procedure is completed. Failure or delay in achieving an airway could
lead to death or serious injury due to oxygen deprivation.

Does the single use tracheal tube stylet contain any materials,
coatings or components that may be damaged or altered by a single
use or by reprocessing and/or resterilization in such a way that the
performance of the device may be adversely affected?

s Fishman, R. “Reuse of a Disposable Stylet with Life-Threatening Complications,” Anesth
and Analg, 72:266-267 (1991).
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Yes. The tracheal tube stylet contains materials, coatings, and/or
components that could be damaged or altered by reprocessing in such a
way that the performance of the device may be adversely affected. As
mentioned above, the lubricant coating on these devices may be removed
during use and reprocessing. In addition, used stylets rarely return to their
straight configuration, but rather remain somewhat bent. These bends and
lack of lubricant can cause the device to become caught on the tracheal
tube upon removal.

4, Are there recognized consensus performance standards,

performance tests recommended by the OEM, or a CDRH
guidance document (which includes specifications, test protocols
and acceptance criteria) that may be used to determine if the
performance of the single use tracheal tube stylet has been altered
due to reprocessing and use?

No. Mallinckrodt is not aware of any recognized performance standards
or any CDRH guidance documents that may be used to determine if the
performance of the single use tracheal tube stylet has been altered due to
reprocessing and use. Mallinckrodt has not developed any performance
tests that may be used to determine if the performance of the single use
tracheal tube stylet has been altered by reprocessing and subsequent use.

5. Can visual inspection determine if performance has been affected?

No. Visual inspection cannot determine whether the thin film of lubricant
coating on the lumen of the polymer sheath remains.

Thus, application of FDA’s risk of inadequate performance flowchart
demonstrates that Mallinckrodt’s tracheal tube stylets present a high risk of
inadequate performance after reprocessing. Accordingly, the device itself should
be categorized as high risk under FDA’s RPS.
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IV.  Conclusion

For the reasons discussed above, Mallinckrodt requests that FDA change the risk
classification for urethral catheters in Appendix 2 from “moderate™ to “high.” Mallinckrodt also
requests that tracheostomy inner cannulas and tracheal tube stylets be added to the “Respiratory”
section of Appendix 2, both with risk categorizations of “high.”

Mallinckrodt appreciates the opportunity to comment on the application of the RPS to its
single use devices.

Sincerely,
- ( Qo
B f US4

Roger A. Keller
Vice President, Secretary
and General Counsel




osocomi-
al infec-
tions
continue
to com-
plicate
the clini-
e cal course
of critically ill patients and, conse-
quently, to create substantial eco-
nomic and human costs. In 1985,
the Centers for Disease Control
reported that 5.7% of all hospital-

ized patients acquired nosocomial -

infections, which were defined as
infections not present or incubat-
ing before hospital admission. At
that time, annual spending for the

treatment of nosocomial infections .

was approximately $1 billion.’ Six
years later, although the preva-
lence of nosocomial infections
remained stable (about 6% of hos-
pitalized patients), the estimated
costs of treatment had escalated to
between $5 billion and $10 billion.?
More than 80,000 deaths each year
have beeun directly linked to the
development of nosocomial infec-
tions.® Subsequent reports are
expected to report similar trends.

Although nurses are aware of
infection control measures, in-

consistent application of these -

measures continues to occur.**
Inadequate infection control is of
particular concern because one
third of nosocomial infections are
preventable.! In this article, we
present up-to-date information
on the risk of acquiring nosocomi-
al infections, highlight the most
common sites of these infections,
and discuss strategies for prevent-
ing and controlling nosocomial

sy

- infections in the ICU. The goals

are to improve awareness and
understanding of risks for infec-
tion and encourage consistent
application of infection control
measures by all ICU nurses to pro-
mote more favorable outcomes
for patients. .

'PREVALENCE OF

NOSOCOMIAL

 INFECTIONS

The prevalence of nosocomial

infections in hospitalized patients

is approximately 6%,' and.a dis-
proportionate 20% of these occur

in critically ill patients,® even”
though ICUs account for only 5%

of all hospital beds.” The preva-
lence of nosocomial infections is
5 to 10 times greater in ICU
patients than in patients on gen-
eral units, and uise of mechanical
ventilaiion, urinary catheters, and
intravascular devices (all routine
in the 1CU) are major factors con-
tributing to this disparity.’

Kennedy® describes the ICU
as an “epidemiological jungle”
because of the abundance of or-
ganisms that proliferate in these
units. The predominant organisms
responsible for nosocomial infec-
tons include Pseudomonas aerug-
inosa (13%), Staphylococcus aureus
(12%), coagulase-negative staphy-
lococci (10%), Candida (10%),
enterococci (9%), and enterobac-
ter (8%)."

CONTRIBUTING
FACTORS

Factors common to ICU pa-
tients that contribute to the risk of
nosocomial infections include acu-

ity of illness, response to physio-
logical and psychological stressors,
age and associated comorbidity,
indiscriminate use of antibjotics
promoting the development of
antibiotic-resistant organisms,
drug therapies for stress ulcer,
sleep deprivation, protein-energy
malnutrition, and understaffing.
With the exception of under-
staffing, each of these factors
increases patients’ risks of nosoco-
mial infections by altering the
patients’ immune response or
changing the response to infection.

Acuity of lllness

During acute illness, energy is
diverted from normal body func-
tions to meet increased metabol-
ic needs. As the severity of an
illness increases, energy stores
needed to sustain normal body
processes such as immuae func-
tion become depleted, reducing
the ability of the patient to resist
colonization by exogenous or-
ganisms (originating outside the
body). Critically ill patients are
also more susceptible to over-
growth of resistant endogenous
microbes (originating inside the
body) such as staphylococci on
skin'and mucosal surfaces and
enterococci in the gastrointesti-
nal tract."

Physiological and
Psychological Stressors
Physiological stressors result-
ing from injury and illness and
psychological stressors such as
noise, pain, anxiety, and isolation
are a few of the many stressors
encountered daily by ICU patients.
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The stress response is the same

whether the stressor is physical or
psychological. The initial “figlit or
flight” response to a siressor
includes neuroendocring sup-
pression of the function of lym.
phoid tissue. The goal at this slage
is to redirect energy for use in the
fight-or-flight response.” Adren-
ocorticotropic hormonc is re-
leased by the pituitary gland and
stimulates the adrenal cortex 1o
secrete cortisol. Cortisol, the pi-
mary hormone responsibice (o¢
depressed immune funcﬁ(;n_‘. sup-
presses synthesis of antibodics;
reduces the number of lyy-
phocytes and macrophages; and
promotes stabilization of |lysa-
somal membranes, inhibiting the
release of hydraolases needed
to destroy organisms."™ These
changes culminate in the (c-
creased ability of leukocytes 1o (-
tack microorganisms. .

During the second stage of ihe
stress response, the resistance
phase,energy continues to he di-
verted to sustain the respouse
until the host can reverse the pro-
cess or until exhaustion of re-
sources occurs and death ensues,
The stage of exhaustion is often
marked by overwhelming infec-
tions resulting in vascular collapse
from a shock state.”

Thce stress response can also
produce local changes that alter
natural barriers to infection. For
example, stress enhances secre-
tion of salivary proteases, which
decay fibronectin, a substance
responsible for coating oral mu-
cosal cells. The breakdown of (i-
bronectin promotes adherence of
gram-negative organisms to and

colonization of structures in the
upper part of the airway."

Age and Comorbidity
Approximately 48% of all

patients admitted to the ICU are

more than 65 years old."” Elderly
patients are less resistant to infec-
tion than their younger counter-
parts are.'s Calianno" reported
that mortality from bacterial
nusocomial pneumonia is five
times more likely in patients
more than 65 years old. One pos-
sible explanation for this

increased susceptibility is the -
- progressive atrophy of the thy-

mus that cccurs with age; the

_atrophy causes a decrease in cell-

mediated immunity, as shown by

depressed production of T lym- .

phocytes.” Also, natural defenses

in the elderly are compromised.

Respiratory ciliary action, respira-
tory excursion, and the cough
reflex decrease, placing older
patients at risk for nosocomial
respiratory infections.®

The higher prevalence of
chronic illnesses among the
elderly also contributes ta the

 risk for nosocomial infections.

The types of infections that may

- develop are linked to the specific

alterations in the host defense
produced by the chronic illness
(eg, chronic lung disease, chron-
ic venal failure, diabetes).”” For
example, elderly patients with
chronic lung disease have a
higher prevalence of bacterial
nosocomial pneumonia caused
by Streptococcus pneumoniae,
Haemophilus influenzae, and
Branhamella catarrhalis than do
younger patients.”

Indiscriminate Use
of Antibiotics and
the Development of
Resistant Organisms

Current practices for prescrib-
ing antibiotics are influenced by
clinicians’ prelerences, marketing
pressure from pharmaceutical
companies, minimal adverse or
toxic side effects with newer and
more potent antibiotics, lack of
precise methods for early identifi-
cation of causative organisms,
and concern over malpractice

~ related to the potentially serious

consequences of overwhelming
infection in critically ill patients.®
Broad-spectrum antibiotics are
often prescribed for critically ill
patients when signs and symp-
toms consistent with infection are
present, white blood cell counts
are elevated, or invasive proce-
dures are required. Broad-spec-
trum antibiotics are often given
when narrow-spectrum or organ-
ism-specific agents would be suf-
ficient to resolve the infection.
Indiscriminate use of antibi-
otics leads to the elimination of a
greater number of normal flora,
thus enabling modified and more
virulent organisms to produce
infection.? These modified organ-
isms have new characteristics
against which standard agents are
no longer effective. Traditionally,
enterococcal infections were treat-

"able with vancomycin. However,

the development of multidrug-
resistant enterococci that are
resistant to vancomycin has
resulted Mn bacteria that are now
poorly controlled, despite the use
of multiple, more potent antibi-
otics. The National Nosocomtal



2)

Infection Surveillance System
reported that the percentage of
nosocomial infections caused by
vancomycin-resistant enterococci
increased from 0.4% to 13.6%
between 1989 and 1993.# Ulti-
mately, patients infected with
antibiotic-resistant pathogens
have protracted hospitalizations,
increased healthcare costs, and
higher mortality rates.2 Addition-
ally, lapses in infection control
with these patients increase the
transmission of resistant organ-
isms from one patient to another.™
Thus, the discriminate use of or-
ganism-specific antibiotics is cru-
cial to limiting the development of
antibiotic-resistant organisms.

Prophylaxis for Stress Ulcers

Routine administration of -

antacids and histamine antago-
nists for prevention of stress
ulcers in critically ill patients may
increase the risk of infection. The
increase in gastric pH produced
by these agents may attenuate the
bactericidal effect of an acidic pH,
thus promoting gastric coloniza-
tivn not unly by gram-negaltive
and gram-positive bacteria but
also by yeasts. Retrograde esopha-
geal colonization by these organ-
isms then increases the risk of
aspiration of microbes and subse-
quent nosocomial pneumonia.*

In a meta-analysis,” sucralfate
was found to be assaciated with
both a lower prevalence of pneu-
monia and a lower mortality rate
than were other antacids and H,-
receptor antagonists. Sucralfate
has been recommended because it
does not alter gastric pH but works
by forming a mechanlcal barricr at

the site of ulceration.® Therefore,
not only the primary effect of pre-
venting stress ulcers but also the
secondary effect of limiting bacte-
rial growth, by maintaining a lower
gastric pH, should he considered
when prescribing prophylaxis for
stress ulcers. -

Sleep Deprivation

Krueger and Madge® reported
alterations in sléep patterns dur-
ing infectious diseases. Lack of the
usual quantity and quality of
sleep, including loss of normal
progression through sleep cycles,
adds to the stress critically ill
patients experience and may alter
immune function.” Interleukin-1,
a protein known for its ability to
amplify the immune response, has
recently been linked with sleep

~regulation. During sleep depriva-

tion, secretion of interleukin-1 is
reduced, thus potentially limiting
the cellular immune response.®¥
The reduction in other factors
associated with immune function
(eg, interleukin-2, natural killer
cells, and lymphokine-activated
cells) known o occur during sleep
deprivation may similarly con-
tribute to the decline in resistance
to infection.* However, further

research is needed to describe the

effects of sleep deprivation on
immune function.

Malnutrition

Critcally ill patients often expe-
rience hypermetabolic states as a
consequence of physiological and
psychological stressors, and these
states lead to various degrees of
malnutrition.** Catabolism of pro-
tein, carbohydrate, and fat stares

and changes in the use of micronu-
trients (vitamins and minerals)
deplete energy sources and may
compromise host defensive mech-
anisms by reducing the production
of immune cells.** Protein malnu-
trition has been linked with a
breakdown of the intestinal mucos-
al lining that allows bacteria to
move through the disrupted barrier
into the lymph and bloodstream to
produce infection.*® A second
mechanism for bacterial move-
ment from the bowel, bacterial

“translocation, the process of bacte-

rial movement through an intact

mucosal barrier, has also been
" linked to protein malnutrition.*

Understaffing

Recent data from an investiga-
tion by the Centers for Disease
Control and Prevention indi-
cate that understaffing may be
a risk factor for nosocomial in-
fections.”?* When the patient-
to-nurse ratio increases, the
provision of routine nursing mea-
sures such as turning the patient,
suctioning, and complying with
aseptic technique may decline. To
determine risk factors associated
with an increase in bloodstream
infections associated with use of
central venous catheters during a
protracted outbreak of the infec-
tions, Fridkin et al* analyzed mul-
tiple variables, including use of
total parenteral nutrition, days of
mechanical ventilation, and sever-
ity of illness. During the outbreak,
patients’ characteristics were un-
changed, but patient-to-nurse
ratios increased significantly.
When data were analyzed by using
a logistic regression model, the
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occurrence of catheter-associéted
bloodstream infections was asso-
ciated with a higher patient-to-
nurse ratio. The invéstigators
concluded that reductions in the
number of nursing staff to less
than a critical number during the
‘outbreak may have contributed to
the increase in the infections,
because time constraints made
adequate catheter care less likely.®

_SITES OF INFECTION

The three major sites for noso-
comial infections in the ICU are
the respiratory systcm (31%), the
urinary tract (24%), and the blood-
stream (16%). Common diagnoses
for infections at these sites are
pneumonia, urinary tract infec-
tion, and septicemia.®

Respiratory System

The prevalence of hospital-
acquired pneumonia, defined as a
nosocomial pneumonia that
occurs more than 48 hours after
hospital admission but is not
incubating at the time of admis-
sion, is not known, because this

¢

type of pneumonia is not a

reportable illness.” Current esti-
mates suggest a prevalence of 5 to
10 cases per 1000 admissions,
with a 6- to 20-fald increase for
patients receiving mechanical
ventilation.® Hospital-acquired
pneumonia is the second most
comman nosocomial infection
but has the highest mortality
(approximately 30%) and morbid-
ity and prolongs the mean dura-
tion of hospitalization by an
average of 7 to 9 days per pa-
tient."*v* Endogenous and exo-
genous factors place critically ill

co Frarirar £ane Ritnere (a0

patients at risk for nosocomial
preumonia (Table 1),

Tracheal intubation is the
most significant risk factor for the
development of hospital-acquired
pneumonia.® An endotracheal
tube compromises the natural
barrier between the oropharynx
and the trachea and impairs natu-
ral defenses such as coughing and
mucociliary action. If healthcare
personnel or respiratory equip-
ment harbor pathogenic flory,
these organisms can be directly
inoculated into the tracheobron-
chial tree.” The endotracheal tube
can also become coated with a
bactertal biofilm that may embo-
lize into the airway.®Instillation
of normal saline, 1 common prac-
tice during suctioning, may also

. facilitate direct entry of bacteria
into the respiratory tract. In an in
vitro study, Hagler and Traver*
found that passing a suction
catheter through an endotracheal
tube dislodged up to 60,000 viable
colonies of bacteria. When 5 mL
of normal saline was instilled, as
many as 310,000 colonies of bac-
teria were dislodged. In addidon,
as previously described, flora
from the lower part of the intes-
tine may colonize the stomach, be

aspirated into the trachea, and 1"
contribute to the development of

nosocomial infections.**

In addition, contaminated
subglottic secretions, pooled
above an inflated endotracheal
cuff, may leak into the lowér part
of the respiratory tract. Two stud-
ies* suggest that removal of
pooled secretions by continuous
aspiration may decrease the risk
of hospital-acquired pneumonia.
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Table 1 Risk factors for nosocomi-
al pneumonia

Endogenous
Age greater than 70 years '
Alcoholism
Cardiopulmonary disease
Depressed levei of conscious-
ness
Diabetes
Malnutrition
Severe underlying disease
Exogenous
Abdominal or thoracic surgery
Conditions favoring aspiration
Endotracheal intubation
‘Nasogastric intubation
Supine positioning
immobility
Prolonged mechanical ventifa-
tion
Use of antibiotics
Use of H, blockers or antacids
Use of immunosuppressive
agents

Vallés et al** compared continu-
ous aspiration of subglottic secre-
tions to routine care in a group of
patients intubated for more than
3 days. The prevalence of ventila-
tor-associated pneumonia for the

~—experimental group was half that

“Yor the control group. In a related
st_uay_."‘_r'é/_JW concluded
that aspiration of subglottic secre-
tions around the cuff of the endo-
tracheal tube was the most
important risk factor for the
development of pneumonia dur-
ing the first 8 days of intubation.

Additional factors assoclated
with the risk of hospital-acquired
pneumonia include the duration of
mechanical ventilation, presence
of chronic lung discase, use of
a nasogastric tube, and broncho-
scopy." Finally, poor nutritional
status and immunosuppression



increase the risk for pneumonia.
Although use of broad-spec-

trum antibiotics has improved the -

prognosis for patients with hospi-
tal-acquired pneumonia, preven-
tion continues to be the most
important strategy. Critical care
nurses can incorporate a number
of strategies into routine practice
to minimize the risk of hospital-
acquired pneumonia (Table 2).

Urinary Tract

The genitourinary tract is the
most common site of nosocomial
infection in the acute care setting,.

accounting for 40% of all hospital-"
acquired infections. Catheter-. -
ization and instrumentation of the

urinary tract are implicated as
precipitating factors in approxi-
mately 80% of the cases.® Groups
at high risk for urinary tract infec-
tion include patients who are
female, elderly, diabetic, immuno-
compromised, critically ill, incon-
tinent, malnourished, or who
require extended hospitalization.*

Although there is no consensus
on the precise distinctions between
the terms bacteremia, sepsis, and
septic shock, general agreement
exists on the order in which these

states occur. If bacterial infections -

in the urinary tract arc not ade-
quately treated, bacteria may enter
the bloodstream, a condition called
bacteremia. The point at which a
systemic inflammatory response to
this infection occurs is termed sep-
sis.® Unchecked sepsis causes a
state known as septic shock, char-
* acterized by profound hypotension
and marked abnormalities in perfu-
sion. Although most bacteremias
are clinically insignificant, as many

Table 2 Strategies for preventing nosocoimial pneumonia

General

| Suctioning

- minimal leak technique every 8 hours to ensure an adequate seal and

Mechanical ventilation

Nasogastric tubes and enteral feedings

-Elevate the head of the bed 30° or more to prevent gastric reflux of

PSRRI

Educate staff members about characteristics and transmission modes
of pathogens common to the unit or institution.

Routinely assess patients for changes in lung sounds, sputum color or
production, and redness or drainage around stoma sites.

Eliminate obtaining samples from patients and respiratory equipment
for routine culturing of microorganisms.

Wash hands before and after providing mouth care and before and
after coming in contact with respiratory equipment and tracheal
tubes.

Use sterile water rather than tap water for mouth care of immunosup-
pressed patients or if waterborne organisms have been identified.

Vaccmate patients at high risk for pneumococcal pneumonia.

Provide a clean manual resuscitation bag for éach patient.

Suction oropharyngeal secretions as needed to avoid accumulation of
oral secretions.

Use sterile technique when using open-suctionmg techniques.

Use sterile solutions to clear secretions from in-line suctioning devices.

Before deflating the cuff of the tracheal tube, suction secretions above
the cuff by passing the catheter orotracheally, then provide a posi-
tive-pressure breath during deflation. .

Monitor tracheal cuff pressure with a manometer, minimal seal, or

avoid overpressurization.
Provide routine, meticulous mouth care.

Change ventilator circuits no more frequently than every 48 hours.
Drain accumulated condensate in ventilator tubing into a fluid trap or
other collection device, particularly before repositioning the patient.
Avoid backflow of condensate into tracheal tubes or humidification

devices.

Assess patency and placement of nasogastric tubes routinely.

organisms Into the lung.

Institute feeding as soon as poss:ble to prevent breakdown of gut
mucosa and possible bacterial translocation to the lung.

Assess patients for signs of feeding intolerance: no bowel sounds,
abdominal distension, increased residual volume, emesis.

Discontinue use of nasogastric tubes as soon as clinically feasible.

3

as 4% progress to septicemia, with
mortality rates as high as 50%.%
With normal bladder function,
urine flushes through the urethra,
removing bacteria adhering to the

urethral walls. The presence of an
indwalling catheter hinders the
cleansing action of this protective
mechanism.* The longer the
catheter remains in the bladder,
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the greater is the risk of infection;
the infection rate doubles from
50% at 2 weeks to 100% if the cath-
eter remains in place for more
than 4 weeks.?

Mechanisms involved in the
development of nosocomial uri-
nary tract infections include con-
tamination with the patient’s fecal
flora and cross-contamination by
hospital personnel. As a result, bac-
teria gain entry to the urinary tract
via both the lumen and thé exter-
nal surface of the catheter.®

Critical care nurses are in an
optimal position to prevent
unnecessary catheterization and
to monitor the length of time a
catheter is in place. Several mea-
sures can be used to minimize the
potential for nosocomial urinary
tract infections (Table 3).

Bloodstream

Intravascular devices provxde
access to the vascular system for
administration of fluids and drugs
and for hemodynamic monitor-
ing. These devices bypass skin
defenses, thus becoming direct
portals of entry for microorgan-
‘{sms into the bloodstream. In the
ICU, bloodstream infections
occur at a rate two to seven times
greater than the rate among the
medical-surgical population and,
in one study,” accounted for dou-
ble the length of stay in the unit.
The average attributable mortali-
ty, defined as mortality directly
related to the infection, apart
from mortality that may be due to
underlying conditions, Is 26%."

Infections assoclated with use
of central venous catheters are
most often duc to colonization

facilitate sterile irrigation.

_.malodorous.

to prevent backflow of urine.

of the meatus.

Table 3 Strategies to prevent nosocomial urinary tract infection

Use alternatives to indwelling catheters whenever possible (eg, external
catheters, incontinence pads, bladder control techniques).

Anticipate patients’ catheterization needs. For example, if excess sedi-
ment or clots are present in the urine, insert a three-way catheter to :

Select smaller gauge urinary drainage catheters for insertion.

Use sterile technique to insert urinary drainage catheters.

Maintain a closed catheter system.

Use universal precautions when emptying urine or obtaining specimens.

Avoid cross-contamination by using an individual contamer for each
patient when emptying catheter drainage bags.

Change drainage bags that are ieaking, contain excess-sediment, or are

Secure urinary drainage catheters to the patlents thigh.
Keep tubing and drainage bag below the level of the bladder at all times

Prevent stasis of urine by assessing tubing for kinks and obstruction.

For male patients, cleanse the external meatus with soap and water and .
thoroughly dry the area twice a day and as needed.

For male patients, avoid use of powders because of potential irritation

Routinely assess patients for fecal incontinence, provide thorough
cleansing, and use fecal incontinence bags as indicated.
"Monitor intake and output to ensure adequate fluid balance

of the insertion site by bacteria
normally present on the skin
(Staphylococcus epidermidis).*
Contamination of the lumen from
frequent disconnection to admin-
ister medications or obtain blood
samples is a second predisposing

factor contributing to central

venous catheter infections.*®
Interestingly, the risk of infection
associated with use of aiple-lumen
catheters is as much as three times
greater than the risk associated
with use of single-lumen cath-
eters.* Nonethcless, the most criti-
cal factor assoclated with the
development of a catheter-related
Infection is the length of time the
catheter remains in place.” More
than 40% of bloodstream infec-

tions in ICUs are associated with

short-term use of central venous

catheters.! Although central venous
catheters are considered short
term, they are often left in place
longer than necessary. Thus, con-
sideration of the need for a
catheter in each patient is essential
for limiting infections associated
with use of intravascular devices.

. The rates of bloodstream in-
fections associated with use of

central venous and peripheral

catheters vary.* Jarvis et al®report-
<d rates of 2.1% to 30.2% per 1000
catheter days for central venous
catheters and rates of 0% to 2% for
peripheral catheters. Skin charac-
teristics of the insertion site may
account for differences in the
prevalence of bloodstream infec-
tions between the two types of

_catheters, because temperature

and molisture of the skin affect the




rate of colonization.® Skin in cen-

tral locations is oilier and moister

_than skin in peripheral areas, thus
enhancing conditions for bacterial
colonization.* Another factor is
the proximity of central sites to
sources of contamination: oral,
nasal, and tracheal secretions for
catheters in the neck or subclavian
area; and feces and urine for
femoral catheters.® Patients with
unexplained fever and signs and
symptoms of localized infection
most likely have a catheter-related
infection. Their catheters should
be removed and samples obtained
for microbial culture.®
Two broad strategies to limit
infections associated with use of
intravascular devices are standard-
ization of the pracedures for care of
the insertion site¥ and improve-
ment in catheter design®-and
material.® In a descriptive observa-
tional study of 116 episodes of site
care, Roach et al*” found significant
differences between two hospitals
and within hospital units in the fol-
lowing practices: frequency of site
care, use of ointment and skin
adhesive, type of dressing, and
duration of care. They concluded

that well-defined site care proto- .

cols, familiar to all staff, and moni-
toring of care on a regular basis
were needed to limit bloodstream
infections. Furthermore, periodic
evaluation is necessary to assess
the need for central devices accord-
ing to the patient's unique risks.
Several measures can be used to
minimize the prevalence of cath-
eter-related infections (Table 4).
Modifications in catheter de-
sign may assist in decreasing infec-
tion risk. Segura et al* clinically

tested a new hub design that signif-
icantly reduced catheter-related
sepsis when compared with a con-
trol (4% vs 16%, respectively). In
addition, catheters are being
designed with the intention of pre-
venting ascending infections by
bonding antibiotics to the internal
and external surfaces of the
devices. Antimicrobial cuffs placed
under the patient’s skin at the
insertion site are likewise being
used to limit ascending infections.*®

Studies on the efficacy of anti-

'biotic-bonded catheters have pro--

duced mixed results. Both Greco
and Harvey® and Kamal et al*
reported a reduced prevalence in
the rate of catheter infections when
antibiotic-bonded catheters were
used. In a randomized clinical trial
of catheters bonded with silver sul-

" fadiazine and chlorhexidine, Ciresi

et al® found no difference in the
rates of catheter-induced infec-
dons or sepsis when catheters with
or without bonding were used. One
explanation for these mixed find-
ings may be the use of different
combinations of pharmacological
agents for the treatment of gram-
positive bacteria, gram-negative
bacteria, and fungal organisms.

MINIMIZING RISK

The increased acuity of illness
in ICU patients, the frequent use
of invasive devices and proce-
dures, and the frequent contact
with staff members provide multi-
ple opportunities for exposure to
and transmission of pathogens.®
Successful prevention of nosoco-
mial infections requires attention
to their sources and to practices
that promote their development.

venous, and arterial catheters.

nence.

the site of insertion.

the findings.

every 72 hours].

insertion site when possible.

Table 4 Management of IV catheters to prevent nosocomial infection

Standardize insertion technique and care for all perjpheral, central

Select catheters with as few lumens as necessary for the patient's .needs..
Avoid use of femoral catheters in patients with fecal or urinary inconti-

Use aseptic te'chnique to insert catheters.
Ensure that others inserting catheters use aseptic technique. )
Stabilize cannula and tubing, and maintain a sterile occlusive dressing at

Labe! insertion sites and all tubing with date and time of insertion.
Inspect insertion sites every 8 hours for signs of Infection, and record

Replace nonocclusive dressings as specified by hospital policy (usually

hospital policy (usually every 48-72
hours), when indications for use are no longer present, fever of
unknown origin develops, or catheters have been inserted under less
than optimal circumstances such as IVs placed emergently outside the
hospital or during cardiac arrest.

Change dressings per hospital policy. Cleanse the insertion site with
povidone-iodine in a circular motion from Inside to outside.

Avoid guidewire replacement of central venous catheters; use a different

Replace peripheral catheters per

*
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Knowledge of situations that com-
promise infection control and
promote contamination -is a
meaningful start, but recognition
must be followed by actions
directed toward changing the
behavior of nurses and other
healthcare professionals. It is not
only appropriate but also ethically
correct for a nurse to speak out
when aseptic technique is not fol-
lowed. Because critical care nurs-
es are the primary advocates for
each patient’s well-being, it is
their responsibility to ensure that
each patient receives uncompro-
mised care.* The following are
some basic, but important, exam-
ples that highlight appropriate
infection control practices.

Hand Washing

Most preventable nosocomial
infections are related to inappro-
priate infection control practices.
Ignac Semmelweis recognized
this fact in 1847.% At that time, the
Vienna General Hospital had two
obstetrical divisions, both deliver-
ing approximately 3500 babies
each year. Obstetricians and med-
ical students performed deliveries
in division 1, and nurse midwives
and their students delivered
babies in division 2. Approxi-
mately 600 to 800 maternal deaths
due to puerperal fever occurred
annually on division 1 compared
with 60 deaths per year on divi-
sion 2. Seeking the reason for this
discrepancy, Semmelweis discov-
ered that physicians and medical
students performed autopsies on
a daily basis, whereas the mid-
wives and the midwives’ students
did not. He hypothesized that the

fevers were caused by an un-
known substance on the cadavers
that was transmitted to the new
mothers. A hand-washing policy
was instituted that entailed using
“a chlorine solution until the skin
was slippery and the cadaver
smell was gone.”® The following
year, the death rate due to
childbed fever did not differ
between the two divisions. Sev-
eral years later, Florence Night-
ingale requested scrub brushes
and imposed sanitary regulations

in field hospitals after observing
. that more soldiers died of fevers

and infections than of battle
wounds.” These simple yet ele-
gant illustrations exemplify the
relationship between the simple

act of hand washing and the pre-

vention of nosocomial inflections
in the past and serve as reminders
of its importance in the present.
Today, consistent and meticu-
lous hand washing (Table 5)
remains the most important con-
tributing factor related to reduction
of the frequency of nosocomial
infections in the ICU.® Because
pathogens can survive on the
hands for 30 minutes to several
hours, hand washing significantly
decreases the number of pathogens
on the skin and contributes to
decreases in patients’ morbidity
and martality*® Additionally, hand
washing minimizes the chance that
healthcare workers will themselves
acquire infections.*® .
Unfortunately, numerous
studies have shown lack of adher-
ence to the simple, inexpensive,
and effective process of hand
washing before and between con-
tacts with patients in the ICU. In

these studies, hand washing was
carried out only 21% to 42% of the
time.* The most cOmImon reasons
cited by healthcare providers for
not complying were being too
busy, having a limited exposure to
infectious patients, and wishing to
avoid skin irritation from cleans-
ing agents.® Although circum-
stances continue to improve (eg,
sinks are closer to the patients,
cleansing agents cause less irrita-
tion, and infection control educa-
tion has become more accessible),
noncompliance persists.*s

Nails, Jewelry, and Lotion
Most microorganisms on the
hands are under and around the
nails. Short natural nails are prefer-
able to artificial nails to minimize
the number of bacteria and fungi
around the nail and to prevent
glove puncture. Clear nail polish is
preferable for visual inspection
during cleaning under the nails.
However, optimally, healthcare
professionals should avoid using

Table 5 Proper hand-washing
technique ’

1. Wet hands under running
water.

*2. Dispense a minimum of 3-5

* mL of soap or detergent,
and thoroughly distribute
it over all areas of both
hands.

3. Vigorously wash all surfaces
of hands and fingers for at
least 10-15 seconds, includ-
ing backs of hands and fin-
gers and under the nails.

4. Rinse to remove soap, and
thoroughly dry hands.

5. Use a paper towel to turn
the faucet off.
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any nail polish or artificial nails.
Nail polish chips easily and can
cause problems with infection.

Rings and other jewelry may -

increase the likelihood of tearing
gloves and harboring microorgan-
isms. Lotion may help decrease
dermatitis and dryness related to
hand washing and frequent use of
gloves. Lotion can decrease the
dispersal of bacteria on the hands.
Small bottles are best, however,
because with use, large containers
can become contaminated.®

Gloves and Gowns .

Gloves and gowns have been
recognized as effective barriers
against the transmission of mic-
robes but are not 100% effective in
protecting the wearer or patients.
Universal precautions promote

complacency, and gloves furnish -

yet another excuse not to wash the
hands.” Gloves are not a shield that
makes hand washing unnecessary.
Hand washing should be performed
before and after each contact with
patients regardless of what barriers
are used. Gloves are not meant to be
reused for the same patient or
among different patients. Therefore,
hands should not be washed while
the gloves are on. While wearing
gloves, healthcare providers should
avoid actions that predispose
patieats to contarination, includ-
ing emptying urine drainage bags
before performing hands-on care.
Gowns are indicated only when
clothing may become soiled.*

INSTITUTIONAL
STRATEGIES

The current focus on patients’
outcomes is an excellent means of

increasing awareness of problems
related to nosocomial infections.
Prevention of these infections is a
win-win situation, simultaneously
improving care and reducing
costs. This concept can be includ-
ed in critical pathways for high-
risk groups and incorporated into
continuous-qualify-improvement
designs to ensure that prevention
of nosocomial infections main-
tains a prominent position. These
strategies will increase the focus
on infection control practices and

" on evaluation of the usefulness of

the practices and, it is hoped,
result in improved compliance.
Rather than direct attention to
infrequent clusters of infection
that represent only 2% to 3% of all
nosocomial infections, nurses

'should focus their efforts on areas

of highest risk, specific to the ICU
population in the particular set-
ting.” Using a data-based ap-
proach, rather than guidelines,
gives greater credence to recom-
mendations. For example, having
each ICU monitor the numbers
and types of nosocomial infec-
tions and having the pharmacy
monitor adherence to guidelines
for use of antibiotics provides
staff with valuable information
related to everyday practices.™”
The Joint Commission on
Accreditation of Healthcare
Organizations states that a hospi-
tal-wide approach, including a
standing infection contral com-
mittee, must be taken to coordi-
nate infection control practices.”
A multidisciplinary approach is
essential to guide and support
these efforts, and nurses are criti-
cal to the success of this endeavor.

Clinical specialists, case man-
agers, and nurse practitioners are
in excellent positions to detect
areas for improvement and to
influence practice. Even more
important are bedside nurses, the
most direct consumers of infec-
tion control recommendaticns.”

Successful infection control
requires that each member of the
healthcare team recognize that
humans are the primary source of
nosocomial infections. Successful
control also mandates awareness
that, both individually and collec-
tively, all healthcare practitioners
are pivotal to the prevention of
nosocomial infections.® Compli-
ance can be increased by includ-
ing nurses in decision making and
in formulating directives.” Nursing
staff can play an integral role in
relaying information to surveil-
lance professionals, and, in turn,
infection control professionals can
directly interact with staif to share
information. Encouraging nurses
to participate in research actvities
related to infection control may
also enhance willingness to accept
and use infection control practices
less casually.

Education is inherently linked

to a comprehensive infection con-

trol strategy; it ties together indi-
viduals and groups of personnel
direcdy and indirectly involved in
infection control. Nurses' lack of
sufficient knowledge of microbiol-
ogy and inconsistent application
of infection control measures con-
tinue to be issues.” However,
anather inservice program is not
the answer. Both knowledge and
motivation are critical for effective
infection control, and motivation
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to change behavior is not learned

in an occasional class. Sustained
unit-based education must be the
vehicle for presenting data that
convince staff that problems exist
and persuade staff members to
use optimal infection control
practices.™

Feedback about infection con-
trol practices is another influential
strategy to successfully reduce the
number of nosocomial infections.
Data on the number and type of
infections in specific populations
of patients and reports on infec-
tion control practices in the unit
should be expressed in a manner
that staff can understand. Estab-
lishing benchmarks for these data
to improve compliance with infec-
tion control is an additional
method of influencing practice.

Using performance feedback
{providing information about past
performance with educational
instruction to promote improve-
ment provides an opportunity to
correct behavior and move toward
established benchmarks.” This
strategy can be made more per-
sonal. timely, and effective by
direct observation of nurses and
physicians. In one study,” memos
were used to alert staff members
that their hand-washing technique
was ineffective. This mechanism
increased compliance to 98% in
the experimental group compared
with 26% in a control group not
receiving feedback.™ A similar
observational study™ found 97%
compliance with perforinance
feedback versus 37% with educa-
tional classes alone. Therefore, an
integrated approach is essential to
generate and maintain change.
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CONCLUSION

Nosocomial infections in the
ICU pose a significant problem
today and will continue to do so.
The ICU population will continue
to grow older, and acuity will con-
sistently escalate. As patients have
comorbid conditions and receive
more invasive care, practitioners
will struggle with fewer antibiotics
to offer as treatment for infection.
Therefore, critical care nurses
must become increasingly vigilant
in attempts to use essential pro-
phylactic techniques to minimize

nosocomial pneumonia, nosoco-
mial urinary tract infections, and

catheter-related infections. Basic

-though the strategies included in

Tables 2 to 5 may be, they cannot
be effective if ICU personnel do
not heed them. Not all nosocomi-
al infections can be prevented,
but it is prudent for healthcare
professionals to recognize, imple-
ment, and use appropriate com-
prehensive strategies to prevent
these infections and optimize
patients’ outcomes. As Florence
Nightingale observed, “The first
responsibility to'the patient is to
do no harm.”* #
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Figure 1. Pressure-volume relationships for low residual volume
cuff (A} and high residuat volume cuff (B). Cuff in alr relati

(-...), cuff in model refationship ( }o and wall pressure
(~=+). Reproduced from Black AMS and Seegobin RD, Anaesthe-
sia 1981;36:498-511, with permission,

function of cuff radii of curvature (r,, r,), cuff thickness (f),
and cuff prindpal circumferential mechanical stresses (o,
o3). In view of the time and temperature dependence of cuff
material, it is difficult to determsine @ more exact relation-
ship, even experimentally (personal communication, Por-
tex Ltd., Hythe, Kent, U.K.). The relationship of the form

Pic = Ptw + Pic (In aln),

as suggested by Homni ct al. (5), has not been substantiated |

3.

Brodsky et al. demonstrates a relationship between quff
volume and intracuff pressure, but the concept of bronchial
wall pressure and its variable relationship to cuff volume
and intracuff pressure is omitted, which may be misleading
to readers,

Patrick T. Magee, MBBS, FFARCS
Depariment of Ancstheslology
University of Virginia

Charlottcsville, VA 22908

Refeénces

1. Brodsky I8, Adking MQ, Gabe DM, Bronchial cufl pressures of double
Jumen tubes. Anesth Analg 1989,69:606-10.

2. Timoshenko S. Strength of matesials, 3rd od. New York: Van Nostrand
Reinhold, 1976:417-9,

3. Black AMS, Seegobin RD. Pressures on endotracheni tube cuffs, Anses-
thesia 1981:36:49€-511,

4. Crawley BE, Cross DE. Tracheal cuffs: & review and dynamic pressure
study. Anacsthesia 1975:304-11. Y

5. Homi J, Nowult W, Joncs ]). Spacke BR. A method for compari
endotracheal cuffs: # controlled study of tracheal taums n dogs. :5
Andesth 1978,50:433-48. )

In Response:

Dr. Magee‘s letter makes an Interesting and useful polnt'

the pressure transmitted to the bronchial wall is less than
- the pressure inside the cuff by an amount yelated to the
pressure needed to maintain the inflation of the cuff itself,

As mentioned, this factor {s difficult to calculate or to
measure experimentally, although the formula given,
which considers the inflation factor to be equal to the
pressure of the coff when inflated while surrounded by air,
may at least give a rough estimate of the actual wall
pressure, The inflation factor is likely to be much higher for
a ‘“high pressureflow volume” cuff than for the “low
pressure/high volume” cuff, Within each class of cuffs this
factor is likely to be similar, although different cuff materi-
als and geometsies may cause some varfation, Thus com-
parison of different “low pressure/high volume” cuffs is
appropriate.

We agree with Dr. Magee that the wall pressure is the
relevant variable, but we emphasize that when double-
lumen tubes are properly used it is the wall pressure at
occlusion of the bronchus that counts. Our study demon-
strated that oodusion occurred at small volumes and pres-
sures when some of the low pressure/“high volume” cuffs

. were used. The actual wall stress imparted by these cuffs is

unknown, but in any case it can only be less than or equal
to the cuff pressure jtself. A further issue relates to the
match between tube size and bronchus size because a
mismatch will result in occlusion at an atypical volume and
pressure. The effects of such a mismatch have not been
investigated.

Finally, we point out that the actual contribution of
bronchial cuff pressure/volume refationships to morbidity
can only be made by studying animal models in which the
integrity of the bronchial mucosa and wall can be assessed.

David M. Gaba, MD
mdmgnfuﬂy Sdroo! of Med

s A icine
Yeterens Admiristration Medical Center
3801 Mirand Avetie
Palo Alto, CR $E304

Reuse of a Disposable Stylet With
Life-Threatening Complications

Key Words: EQUIPMENT, pisposastB—reuse.
To the Editac=

Karls recently suggested the advanteges of reusing dispos-
able singlese devices (1), Although Iam a family practi-
tioner, the Jetler came to my attention becouse of its
relevance to the startling course of one of my paticnts. This
72-yr-old woman entered initially for elective foot surgery
only to develop life-threatening complications from a re-
used mddm. .

My petient underwent bilateral foot surgery in esrl
1990.YA &ificult endotracheal intubation wriry ch
after inda? fradvertent esophageal intubation, On entering
the esophagus, 2 10-cm section of & Mallinckrodt Satin-Slip
14F sluminum stylet with plastic sheath broke off in the
esophagus. This was not detected at the Hme,

;oaopnuvely.hu course wap initially ungventful, but
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" after a fow days she began to have vague gastrointestinal

symptoms and developed a low-grade fever, Although she
had an extensive diagnostic workup over the next fow
weeks, no definitive diagnosis was made. Eventually, how-
ever, she presented with an acute abdomen. Emergency
laparotomy revealed peritonitis with the 10-cm fragment of
the broken stylet perforating the duodenum.

The following should be noted in this case:

{a) The stylet used here was aluminum (Mallinckrodt
and Portex manufacture aluminum stylets), which is a
brittle metal to begin with and more likely to break with
rouse, The manufacturer cautions against reuse, <iting the
breakage hazard on the package.

() Upon cxamination several bends indicating reuse
were observable in the 10cm fragment of the broken stylet.

In view of this experience, Dz. Karis' position on reuse of

¥disposable single-use devices appears too cavaller. Al-

though one is tempted to hold that manufacturers promote
one-timé use from a strictly economic standpoint, safety
factors and the high cost of product liability insurance
sustained by the manufscturers must be considered,

" “Transmission of infection and chemical Irritation from
fraces of sterdlizing solutions and gases are known risks of
reusing single-use devices. In addition, malfunction (for
example, most intubating stylets fose their malleability with
reuse) and weakening with the tendercy for failure and
breakage need 1o be considercd when one-time use equip-
ment is reused,

One cannot ostimate what reuse and resterilization of
single-use devices can do to their integrty because of the
impossibility of standardizing and enforcing reuse critexia.
Certalnly the patient should not be expased to the risks of
reuse of single-use devices especiolly whep reuse Involves
a very small fraction of overali health costs, We can il afford
Yo be penny wise and pound foolish, in the best intercsts of
patient care, when it comes to the issue of disposables.
Ritchard L. Fishman, Mb

9505 East Telegraph Road
Pico Rivera, CA 90660
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The Burden of Progress: A Fable

Key Words: COMPLICATIONS, ANESTHETIC,
MORTALITY AND MORBIDITY

7o the Editor;

Dr. Arthur Keats’ article on anesthetic mortality (1) de-
serves serious consideration. I cannot fault his logic, noz
can [ argue his points with scientific counterpoints, Yetfam
troubled by what he has to say. Had our forefathers in 1845
embracded his gloomy outiook, they might have concluded
that the Introduction of anesthesia should be halted be-
cagse nc:}only did it !:!l\c!ﬂ. l?l‘&bl Cafe more expensive, it

‘s °
. %0 -
. *+ . -
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also spawned new mechanisms of maiming and killing
surgical patients, [ am sure that Dr, Keats would not want
us to drew such conclusions. I accept his message as an
attempt to provoke us t0 examine every dograa that comes
our way. But we have to be careful not to exchange the
dogrmas he decries for the alternate dogma that no innova-
tion can be accepted without sclentific proof of its value. To
make that point, I offer the following fable.

The Burden of Progress

Now comes the pain of truth, to whom ‘tis pain;
Q folly! for to bear all naked truths,

And to envisage ciccumstance, all calm,

That is the top of sovereignty.

. —Jjohn Keats

§ was reading an article on the burden of progress as { flew
to Atlanta, where I was ta change planes to fly to Chicago.
It never came to that.

Despite a layer of dense clouds at the Atlanta airport, the
plane made a smooth, precise landing. As I disembarked,
the captain stood at the door of the cockplt to greet the
passengers. I stopped and asked, “How could you find the
airport in such soup? Surely not by looking at a road map!
He smiled and waved me into the cockpit to show me his
instruments.

My heart sank. Having just read about the burden of
progress, [ asked: “/Do these instruments ever mislead you?
What are the sensitivity and specificity of the instruments?
Do they ever fali? There are 80 many of them (it was a DC
9-31), won't they confuse and distract you?”

He sighed and said, “Nothing Is perfect. Yes, there are
cxamples where pilots have been distracted by irrelevant
data or wrong teports. But that is rare. And we do have
back-ups. Here, for example, is our magnetic compass. It
needs dlediicity only for illumination end works even
during power failure.” “T am glad, * I sald, “that you still
have such an old, proven, relizble, time-honored instru-
ment as a back-up. Do you use it often? And if so, why
bother with all those fickle’ electronic things in the first
place?” “Well, I'll tell you,” he said, “I haven't flown by
that magnetic compass in years. We are required to have
one ‘on board, but we don't use it. For example, here in
Atlanta Stone Mountain has a magnetic core that worries
our old-fashioned compass!”

"By then the last passenger had left the plane. The
captain said he was going off duty and, before flying &s a
passengee to Chicago, had ime to chat. So did I, We sat in
& lounge and he told me how advance after technical
advance over the years had transformed the cockpit of
commercial and even private alrcraft, He said, “Every
instrument is designed to fill a gap left by the limitations of
human physiology or performance.”

“In anesthesia it is similar, ” | said, “but It scoms that
every advance has brought us new complications. We ma
eliminate the dilemma of unrecognized esophageal intuba-
tion, caly to replace It with the predicament of having a
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